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This thesis is an experimental research designed to predict the best networking
technology for the LabVIEW remote control system using an analysis of the
performance variation. The type of networking technology used for the Lab VIEW
remote control system affects the performance of the total control system. The
networking techniques available to operate a LabVIEW remote control system are
wired and wireless networking techniques.
Wireless networking technology has gained popularity over the last few
decades because of the flexibility and cost-savings associated with eliminating cables.
On the other hand, traditional networks or wired networks have been used for the
superior performance and for the better security purpose. Both the technologies have
their own advantages and disadvantages while considering the variables like cost,
performance, reliability, security, and ease of installation. The main objectives of this
research paper are deal with both designing and operating LabVIEW remote control
systems through the internet in order to find the difference in delay due to the change
in the type of internet connection used.

In the first case, the remote motion control system was operated via a wired
network and the performance parameters, such as speed and accuracy were recorded.

In the second case the same remote motion control system was operated via a wireless
network and the performance parameters, such as speed and accuracy, are recorded.
With the help of recorded data, a difference in the delay was found and an analysis of
delay variation for the remote control system was performed using the ANOVA tool
in the Minitab software. According to the results, wired networking technique was
selected as the best network for the LabVIEW remote Control System with the lowest
average motor delay of 0.85 seconds.
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CHAPTER!
INTRODUCTION
Integrated motion control systems are used for many industrial applications
such as industrial automation and measurements. The ability to control and monitor
the work floor from any remote location enables proper timely analysis possible while
saving operating cost. Advances in networking technologies and the introduction of
recent software development tools have made Internet-based remote monitoring
applications a reality. The introduction of new high-speed networking technology
and the significant growth in the computer usage has provided a practical opportunity
for new industrial remote control systems. At the same time new methods ofremote
supervisory control are recognized. These technical improvements together made the
remote controlling systems flexible and these can be operated with minimal computer
knowledge.
The advanced technology used in this thesis was PC-based data acquisition
for measurements and automation. PC-based data acquisition was used for online and
off-line analysis.
For online applications hardware interfaces and software programs are added
to the PC in order to turn the PC into a platform. The platforms created were used to
perform the automation and measurement operations remotely with the help of the
Internet. The popular program that facilitates hardware interfacing and software
programming tools was. used in this thesis, which is called a LabVIEW by National
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Instruments. LabVIEW is the powerful graphical programming software which has
been and being used successfully for data acquisition, measurements and automation
applications. This software was designed with graphical icons instead of lines of text
to create individual applications. This feature is very useful to reduce the time to
write and to debug the programs. Similar to object-oriented programming LabVIEW
also offers a user-friendly interface that aids in the monitoring of different operating
systems. All the Measurement and Automation operations are controlled with the
help of the LabVIEW program locally and remotely through the Internet. Little
programming experience is enough to publish data on the web with the help of the
LabVIEW remote tool kit (Taking Your Measurements to the Web with LabVIEW,
2008). With this software the interface was published on the web page in order
access it from different remote locations. LabVIEW was also used to offer online
experimentation for distance learners; it was very useful for the engineering students
especially to operate lab equipment from their home or from any other remote station.
On the other hand, high performance remote control systems were made with the help
of this software for industrial applications.
This manuscript also explains the process of writing Lab VIEW program to
control a stepper motor. The process of configuring the remote motion control
system and the process of publishing the interface on the web page in order to control
the stepper motor through the internet were discussed briefly in this research. The
designed remote control system is also useful for different types of sophisticated
control applications. The control system consists of a PC, one stepper motor, a digital
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Input-output card, a drive for the stepper motor and the programming software
(LabVIEW). The motor was controlled with the help of wired network and wireless
network independently. Finally, the ANOVA analysis was used in order to select the
best network from the proposed two types of networks.

Problem Statement
The performance of the "LabVIEW remote motion control system" may vary
due to change in the type of the networking technology used. Wireless Networking
technology has gained wide-spread popularity over the last few decades because of
the flexibility and the cost-savings associated with eliminating cables. On the other
hand traditional networks or wired networks have been and are still being used for
superior performance and for better security purposes. Both technologies have their
own advantages and disadvantages while considering the variables like cost,
performance, reliability, security, and ease of installation (Mitchell, 2008). Different
aspects of the remote motion control system such as efficiency, speed, accuracy, and
the dependability have been studied extensively in the past and many approaches
have been explored to improve the performance of the control system. Consequently,
there is a need to develop a new approach in order to find the best networking choice
to achieve better performance for the LabVIEW remote motion control system.
This research was proposed to find the best networking technique for remote
motion control system. The best networking technique was selected after comparing
the performance variation of the remote motion control system due to the change in

,
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the type of networking technique used. In the first case a remote motion control
system was operated via a wired network and the performance parameters, such as
speed and accuracy, were recorded. In the second case, the same remote motion
control system was operated using a wireless network and the performance
parameters, such as speed and accuracy, were recorded. The motor was controlled
remotely and the response delay was recorded separately for both the wired and
wireless network. Finally,.performance variation of the motion control system due to
the change in the type of network used was analyzed using the analysis of variation
tool (ANOVA) with the help of the Minitab software. By using the analysis results, a
suitable networking technique was selected for the LabVIEW Remote Motion Control
System in order to achieve better performance for individual applications.

Objectives
The main objective of this study was to select the best network for the LabVIEW
remote motion control system. To achieve this goal, four steps must be followed.
1. Implementation of the Labview remote motion control system in order to
operate the motor remotely.
2. Operating the motor by using wired or traditional network with help of the
Labview remote motion control system from two remote locations.
3. Operating the motor by using wireless network with help ofLabview remote
motion control system.
4. Finding the affect on the performance variation of the Labview remote motion
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control system due to the change in the type of network used. So there is a
need to develop Hypotheses to analyze the performance variation.

Hypotheses
The performance of the system may vary due to the change in the type of the
network. So the null hypothesis and alternative hypothesis are stated. ANOVA
analysis was used to reject one of the hypotheses.
Null Hypothesis: No variation exists in the performance of the remote c_ontrol
system due to the change in the type of network used.
Alternative Hypothesis: Variation exists in the performance of the remote control
system due to the change in the type of network used.

Significance
In any web based system type of internet connection directly. affects the
performance of the total system. So to implement a web based remote motion control
system it is important to use an efficient internet connection to complete the task
accurately. Two types of internet connections are available for remote control
operations which are wired, the traditional network connection, and wireless network
connection. Through this study the performance of the motion control system will be
observed with the wired network and wireless network. Performance variation of the
system due to the change in the network connection will be analyzed with the help
Statistical Process control. Finally the analysis results are used to recommend the best
internet connection for industrial applications and also for general applications.
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CHAPTER-II
RIVEW OF LITERATURE
Remote Motion Controller
The most precious resource that everyone requires in this high speed human
race is time. Never-ending rushes to get forgotten documents, going to faraway places
only to show the customer what button to click and many other small functions of the
kind is not efficient, requires financial resources, and consumes time. As a result,
software companies started developing remote PC control programs to save time,
money and labor cost. Basic features of such software products is the ability to
control remote desktops with a local mouse and keyboard just as if one were sitting at
the remote PC (Instant Remote Desktop Access for Business and Personal Use,
2008). The first version of remote PC control program for windows operating system
was introduced in 1996 for Windows NT 4.0 (Windows_NT~4.0, 2008). From then
several windows versions and third party remote PC control programs have been
released.
The concept of "LabVIEW remote panel or VI server" is similar to the
remote PC control programs. Remote panel was first introduced in LabVIEW 5.0,
which is used to dynamically control the front panel objects. Remote panels are also
used to load and run the LabVIEW VI's either on the same machine or across a
network. VI Server has an object-oriented architecture that is platform-independent so
it can be used in all popular operating systems (What Is the VI Server?, 1998). The
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next generation of the "VI server" is called the "remote tool kit" in the LabVIEW
environment.
National Instrnments introduced the remote tool kit with LabVIEW 6.0
version and is continued for later versions as well but V(ith more features to·provide
greater flexibility and security to the user. LabVIEW 6.0 by National Instrnments has
improved the way engineers design, manufacture, and test products by saving the
time and cost. These new technologies are used to reduce design time and production
cost by using the internet for designing and testing remotely. Remote tool kits allow
users to view the front panel of an application on the remote station so that users are
able to control the application from a remote station using a web browser. VI server is
used to interact with the application but it is not used to modify the code (Rick Bitter,
2007). In the LabVIEW environment, these types of applications are called remote
panel applications.
The usage of the Internet in remote controlling systems provides some
advantages and disadvantages as well to the user. The challenges needed to overcome
are security, accuracy, and performance. Performance mainly depends on the
bandwidth of the network. Besides bandwidth considerations, publishing a front
panel on the Web presents some security concerns. Web s~curity is a primary concern
when dealing with the Internet. Therefore, we have to discuss web security options
available with the LabVIEW remote panel. Remote access security options are
important for LabVIEW remote panels. If a VI is in edit mode no one can access it
remotely so no one can modify a VI on the Web. However, anyone who requests a
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control can control the VI. While the VI cannot be modified or damaged, the systems
with which it interacts might be affected. To prevent gaining control of a VI from
any remote station, Lab VIEW provides an option called Lock Control. This option
prevents a viewer from requesting control of the VI on the Web until it is unlocked.
Root Directory tools in the LabVIEW environment consists of more remote access
security tools. With the help of root directory tool, Web clients have access only to
files in that directory and its subdirectories. All other files on the computer are not
accessible on the Web. With the help of browser access options remote users can
grant or deny viewing. Granting access to a known IP address is an option in the
LabVIEW environment so only known users will be granted access. A remote
directory allows users to control the VIs in a directory which is visible to the client,
and to limit the time that a client can maintain control of a VI. Alternatively, security
programs are added into the VI itself. For example, IDs and passwords are set so that
user will be asked to log in before accessing the VI, and all other aspects of the VI are
disabled until the login is verified (Developing Remote Front Panel La]:, VIEW
Applications, 2007).

Software Selection
LabVIEW is chosen instead of other programming languages because of its
ease of programming and debugging. LabVIEW is a graphical programming
language. Almost all other programming languages use lines of text as the codes to
create applications.
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Graphical Programming Features:
The LabVIEW makes the design much faster than traditional programming
languages because testing can be done in a short amount of time even during the
development process of the VI. Even the data types in each and every diagram are
easy to use. All of the above mentioned capabilities are of great potential for the
LabVIEW and LabVIEW accelerates program building speed over any traditional
programming tools by a considerable factor.
Each graphical program designed in the LabVIEW environment is called a
VI, and a sub program is called a sub-VI. Lab VIEW programs are called Virtual
Instruments (VI), because they appear very similar to actual laboratory instruments.
A typical LabVIEW program consists of a front panel and a block diagram. The front
panel is used for the GUI development to interact with the user and it acts as the user
interface. Controls, constants, and indicators are part of the front panel. The controls
and indicators include knobs, horizontal and vertical sliders, buttons, input devices,
graphs, and charts. On the other hand the block diagram is the background code and
it constitutes the actual program of LabVIEW.
The front panel view and block diagram view are shown in the figure 2.1 and
figure 2.2 respectively._ The basic block diagram works similar to the 'data flow
diagram' concept, in which the function or operation was presented as a diagram
rather than as text code.
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After designing the front panel, graphical represented functions are added to
control the front panel objects. The graphical source function codes are predefined in·
the LabVIEW block diagram and the front panel objects.are visible as terminals in the
block diagram. The terminals represent the data type of the control (input) or
indicator (output). The front panel controls or indicators can be configured to appear
as icons or data type terminals on the block diagram. By default, front panel objects
appear as icon terminals. The terminals in the block diagram represent the data type
as double precision, floating point or any other format of that type. Terminals are
input and output ports that exchange information between the front panel and the
block diagram. The data entered by the user in the front panel controls will be passed
to the block diagram through the control terminals. After the execution of all
functions in the block diagram, the data is passed to the indicator terminals, where
they are output ports of the block diagram, so the data is passed to the front panel and
visible to the user as front panel indicators (Taking Your Measurements to the Web
with LabVIEW, 2008).
LabVIEW also has add-on software that is capable of implementing a remote.
The remote tool kit is designed with a common gateway interface (CGI). CGI was
the first technology used for the remote control applications on any popular operating
system. The CGI technology is used to control VI's remotely using a web browser.
CGI is not the only Web-based control that is available for LabVIEW. Java and
ActiveX technologies can also be used to control VI' s through the Internet. But these
technologies require third party software. Therefore the CGI technology is used.
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Industrial instruments can be easily controlled through the Internet using LabVIEW
remote toolkit. Currently distance education programs are using this type ofremote
access through the internet to provide a more hands-on experience for the learners,
especially in the electrical, electronic, and mechanical laboratories. One of the
drawbacks of using Lab VIEW is the need to write programs. Nevertheless, by writing
programs using LabVIEW, there is more flexibility in how the device is controlled,
what user interface is used, and so on. Another major disadvantage of using
LabVIEW is the price of the software itself. Due to its ease of programming and
debugging, LabVIEW is significantly more expensive than other programming
languages.

Networking Choices
Wired Networks
Traditional networks or wired networks are used for the superior performance
and for the better security purpose. Some of the considerable parameters while
selecting a type of network will be discussed in this section.
About Wired LANs
Wired LANs are formed with the help of the Ethernet cables and network
adapters. Two computers can be directly wired to each other using an Ethernet
crossover cable to form a wired LAN but in order to accommodate more computers;
wired LANs require central devices like hubs and routers.
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Ethernet cables must be connected from computer to another computer of the
network or each computer to a central device in order to form wired LAN. It is a
time-consuming process and difficult to put the cables under the floor or through
walls, especially when computers are located in different rooms. Some new houses
are prewired with cables according to the owners requirements to simplify the cabling
process and to minimize putting the cables on the floor (Mitchell, 2008).
All these components are available from different companies and these are
very inexpensive. Broadband routers are optional components in the wired LAN'S
and these routers are expensive. The main benefits of the Broadband routers are
easier installation and built-in security features with a built-in firewall. Ethernet
cables, hubs, and switches are being used and are continually improving from several
decades by the manufacturers so these components are extremely reliable (Mitchell,
2008).

Wireless Networks
Wireless Networking technology has gained wide-spread popularity over the
last few decades because of the flexibility and the cost-savings associated with
eliminating cables and wires. Significant time and money has been invested into
researching the use of wireless technology for remote monitoring. Yet, significant
wireless deployments are just beginning to materialize in industry. There are many
advantages to eliminating cables in remote monitoring applications, but there are also
many challenges. As new wireless protocol standards continue to mature those
challenges are being addressed.
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The two primary motivations for choosing a wireless network over a wired
approach are the flexibility and the cost-savings associated with eliminating cables
and wires. The use of wireless remote monitoring systems will resultsin a large
amount cost savings due to the flexibility (Why Go Wireless: Weighing the Benefits
and Challenges of Wireless Remote Monitoring, 2008).
Challenges of Wireless Remote Monitoring
Even though the financial benefits of using wireless for remote monitoring are
compelling to implement in the industry but the industry has been slow to adopt the
technology. Security, reliability, integration, and power are the main challenges that
must be addressed to make the wireless monitoring systems popular.
According to a study by the Venture Development Corporation, the
worldwide market for wireless monitoring devices and services is expected to reach
over $1.5 billion by 2012. Wireless networking protocols have matured to overcome
the challenges associated with former technology. With standards such as Wi-Fi and
Zigsbee and open software such as LabVIEW wireless remote monitoring will
continue to be used in the companies to achieve better performance (Why Go
Wireless: Weighing the Benefits and Challenges of Wireless Remote Monitoring,
2008). The graph shown in appendix A represents the expected future usage.
Both networking technologies have their own advantages and disadvantages.
So for a flexible and economic remote monitoring system wireless networks are the
best choice. On the other hand for a reliable, secured, and superior performance
remote monitoring systems wired or traditional networks are best choice.
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Building the LabVIEW Remote Control System:

The remote control system is designed with the help of a personal computer,
which is able to run the LabVIEW programs and it acts as a platform for the remote
control system. In this thesis a stepper motor is going to be controlled, so the motor
was connected to the motor drive and the motor drive was connected with UMI
(Universal Motion Interface). Finally the UMI was connected with the Personal
Computer. The interfacing process and connections between all the equipments will
be discussed in this chapter. With the help of LabVIEW software a VI was designed
in order to control the motor as for the research requirements. Some basic functions
of the LabVIEW software were discussed later in this section and these are required
for the interfacing of the control system in the LabVIEW environment. These
functions were also used to operate the control system successfully over the internet
so that motor can be controlled from anywhere with the help of a Personal Computer.
Design process of the motion control system also discussed step by step in this
section.
Required Components:
1. Personal Computer

2. Universal Motion Interface (UMI)
3. Stepper Motor
4. Stepper Motor Drive
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Control System Building Process:
In order to build the Remote Motion Control System four important steps have to be
taken after getting all the components needed.
1.

Wiring between the components of the system.

2.

Connections between the components need to be tested with help of
Measurements and Automation Explorer software.

3.

A Virtual Instrument (VI) needs to be designed with the help of LabVIEW
software in order to control the motor.

4.

Finally VI needs to be published on the web browser so that user can able to
operate the motor from different locations with the help of internet.

Wiring between the Components:
The first step for building the LabVIEW remote control system is connecting
the components of the Remote Motion Control System. Block diagrams of the all
components are used to make the proper wiring between them. Wiring between the
Motor, Power Supply, Motor Drive and Universal Motion Interface is the major
wiring part in building the Remote Motion Control System. As shown in the
Appen.dix-B motor terminals A+, A-, B+ and B- are directly connected to the
respective terminals of the motor drive. Motor drive requires 35V DC voltage for the
operation so positive and negative output terminals of the power supply are connected
to the respective motor drive input terminals. Motor drive and Universal Motion
Interface (UMI) also requires 5V DC power. .So 5V DC power is supplied to the
motor drive and Universal Motion Interface (UMI) from a DC power supply. The
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wiring block diawam for the Motor, Power supply, Motor Drive and Universal
Motion Interface is given in the Appendix B.
In this thesis Universal Motion Interface UMI-7764 is used. Block diagram
representing all the terminals and its usage is given in the Appendix C. According to
the block diagram terminal number 10 of the UMI-7764 needs to be connected to the
Server Computer CPU port with the help of SH68-C68-s cable. The UMI is used
between the drive and computer in order to control the motor with the help of
computer programs like LabVIEW so it is an,interface between the motor and
computer.

Testing the Connections with the Help of Measurements and Automation
Explorer (MAX)
Measurements and Automation Explorer is used to access National
Instruments CAN, DAQ, Field Point, GPIB, IMAQ, IVI, Modular Instruments,
Motion,, NI Switch Executive, VI Logger, VISA, and VXI devices. In this thesis
MAX software is used to access Motion Control instruments. With help of MAX
software UMI configuration needs to be done in order to make sure that all the
connections are given correctly. After the configuration, the motor can be operated to
test connections between the Motor, Motor drive, and Power supply. Now UMI can
be accessed with the help of MAX software because it is conn~cted to the CPU with a
68-pin Motion I/0 connector cable. Steps needed to configure UMI are given below.
These steps are only useful to configure the UMI as for the requirements of this
research and these steps do not explain all the features of MAX software.
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Interfaci ng with help of the MAX software needs to be done first in order to
test the connections and run the motor. The interfacing process contains several
steps. In order to complete all the steps successfully the all the motor parameters are
needed which are the type of motor network type, and resolution of the motor. The
interfacing process is explained step by step in this section. Testing the connections
and running the motor with help of Measurements and Automation software also
discussed in this section.
Brief Explanation of the Testing Process with MAX Software:
The MAX software is opened on the main Computer which is also called as
Server Computer. The MAX software opening window is caJled as My SystemMeasurements and Automation Explorer. Thi s window looks like the window shown
in the Figure 2.3. This window also explains the purpose of the MAX software and
the instructions needed to use this software.

~ My System · Measurement aAutomation [xptorer
Eile ~dit Y-iew Ioos t!elP
~~

b DataNeighborhood
+ II Devices and Irterfaces
+

+ ~ Scales
+ G'] Soi'tware
+

~ Remote Systems

National Instruments
Measurement &
Automation Explorer

Figure 2.3 Measurement And Automation Explorer
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As shown in the figure 2.3 left hand side of the window contains Configuration
menu. It contains Data Neighborhood, devices and Interfaces, scales, software, and
Remote systems. In order to see all the N I devices connected to the computer
Devices and Interfaces Label is expended. UMI-7344 is in the devices list because it
was already connected the computer. As shown in the Figure 2.4 our UMI-7764 is
recognized as PCI-7344.
~ Devices and Interfaces • Measurement Ii Automation Explorer
Eie ~cit ~ !ools t!e~

Configuration
- ij My System
+ b oata~

- ti Wii M@ffitl
+
t

ii Nl·DAQmx DeYICes

a PCl·73'14 (I)
j

,,_
A

Devices and Interfaces
What is Devices and Interfaces?

+ ,XI PXJ System (ltidentilied)
+

l)Cre<lte New...

~@~

Pa-ts (Serra &Parallel)

• a Sc<lles

The Devices and Interfaces category hsts installed and
detected CAN, DAQ, F1eldP01nt Senal Controllers, GPIB,
IMAQ, IV!, Motion, VISA, and VXJ hardware.

+ ti) Soltware
+

If you do not see your devices...

ij Remote Systems

;~ Vn11 h:a110 nnt rofroch orl t ho r nnfin11r-;1tinn

Figure 2.4 Devices and Interfaces Window
The features of the PCI-7344(1 ) are shown in the MAX software after double
clicking on device name and the window looks like the Figure 2.5. After expanding
the PCI-7344 default settings option is selected and in the default setting widow open
loop stepper option is selected because the stepper motor is connected to the open
loop network. Then the initialization process is started by clicking the initialize
button on the top of w indow.
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Figure 2.5 Default Settings Window
After cl icking on the initialize button as mentioned earlier, initializing
window is popped up and the initialization process takes about five to ten seconds.
Initialization is done after getting the initialization status message "initialization
successful" on the san1e window, and then ok button is clicked to complete the
initialization process. Pop up window looks like a window shown in the Figure 2.6.
l nitiali7ine the Controller ...

••••••••••••••••••••••••••

Progr ~ . 1 00%:

l nitiali2etion St.ah.•• ···

I n1tlohz o tktn S u cccs..sfl.M

OK

Figure 2.6 Initialization Window
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After clicking ok on the initializing window, the default settings are expanded
by double clicking on it. After expanding the default settings the axis configuration,
axis settings, and trajectory settings were shown. Then the axis configuration was
selected first in order to change the axis parameters as required for this project. After
selecting the axis configuration on the configuration block, MAX window looks like
the diagram shown in the Figure 2.7. Select axis type, axis enabled stepper steps for
revolution, stepper loop mode, stepper Output mode to stepper, enabled, 2000, open
loop, Active low, and step and direction respectively.
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After changing all the parameters as for the requirements of the project
initialize button was clicked and also the initializing process was completed by
following the initialization process explai ned earlier in this chapter. All the
paran1eters of the axis control are shown after clicking on the axis settings. Li mit
filters, forward limit switch, reverse limit switch, home switch, and software limit
settings are disabled. Inhibit output settings are also enabled. Axis settings window
will looks like the Figure 2.8 after changing the parameters.
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After changing all the parameters of the axis settings as per the requirements
of the project, the initialize button was clicked and also the initializing process was
completed by following the process explained earlier in this chapter. Trajectory
settings option was selected in order to see all the parameters of it. All the parameters
of traj ectory settings were changed based on the requirements of the project and the
window looks like the Figure 2.9. After changing all the parameters of the trajectory
settings, the initialize button was clicked and also the initializing process was
completed by followin g the initialization process explained earlier in this chapter.
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The interactive feature option is expanded which is on the left side of the
window and below the default settings of the PCI-7340. All the parameters were
fixed according to the requirements of the motor and the number of rotations was kept
in target position box to run the motor. Now the motor should run normally in
forward direction after clicking on the start button. If the motor runs normally in
forward direction that means all the connections and the settings are correct. If the
motor runs very fast, it runs in reverse direction, or motor does not run then check the
connections and the settings in the MAX explorer. After clicking the start button the
motor was running in forward direction but it was running very fast therefore the
velocity and acceleration were adjusted to run the motor normally.
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Building A VI with Help of Lab VIEW Software:
LabVIEW programs are called v irtual instruments because they just look like
the physical instruments and they are used to manipulate data from the user interface.
The data obtained from VI can be used in other files or it can be moved to other
computers so that users can able to control the physical instruments from other
remote computer stations. VI was designed with help of predefined functions of the
Lab VIEW to manipulate the data from the interfacing devices.

Functions Required for Building the VI:
Load Target Position: This function loads the target position for next axis move.
Inputs required for this function and outputs generated through this function are
represented in the Figure 2. 11.
T50cl Po, ition {O J ~
Board ID
Axis
lnp./,,t:l ~
error in (no error]

e

,'

Bd ID Out
Resource Out
..;rrorout

Figure 2.11 Load Target Position
Start Motion: This function starts the motion on a single ax is, single vector space,
multiple vectors, or multiple axes. Inputs required for this function and outputs
generated through this function are represented in the Figure 2. 12.

Axis/VSM a p ¼
Board ID
Bd ID Out
Axis or Vector Space
M1i
Resource Output

error n(no error)

5urt

error out

Figure 2.12 Start Motion
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Read Position: This function reads the position of an axis. Inputs required for this

function and outputs generated through this function are represented in Figure2. l 3.
Position
Bd ID Out
Resource Out
error out

Board ID

AKis

Ret.n \.•ect
error in [no error)

Figure 2.13 Read Position
Check Move Complete Status: This function checks the move complete status for an

axis, vector space, group of axis. Or group of vector spaces. Inputs required for this
function and outputs generated through this functi on are represented in Figure 2.14.
Poll Inter val (20 ms) ~
Timeout ( 10000 ms)

Board ID
Ax is or Vector Space
error in (no error)
Axis/VS Map (Disabled)

8
M v
0

Bd ID O u t
Resou rce Output
e
error out
······ ••·•• ······ Mov e Complet e

Figure 2.14 Check Move Complete Status
Stop Motion: This function stops motion on a single axis, single vector space,

multiple axes, or multiple vector spaces. Three types of stops can be executed:
decelerate to stop, halt stop, and kill stop. Inputs required for this function and
outputs generated through this function are represented in the figure 2. 15.
Stop Type (Decel) ~
Axis/VS Map
Board ID
Bd ID Out
Axis or Vector Space
•
Resource Output
error in (no error)
error out

Figure 2.15 Stop Motion
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Motion Error Handler: This function checks for modal errors on the controller. If
the Modal Error Severity input is TRUE (error), modal errors are treated as errors.
The first modal error is then passed out through the error out terminal. If this input is
FALSE (warning), modal errors are treated as warnings.

Inputs required for this

function and outputs generated through this function are represented in the figUJe
2. 16.
[user-defined descriptions] - - [user-defined codes] - - Board ID --1?'="""-l-- error in (no error) .....,_-«=..,,=-~1:1
type of dialog (OK msg: l ) - - - '
rnodal et tor sever ,t}
,ar ri
modal error , o:-t, ,. c-1 n·, - je
....... ·· ····-···· ·

message
modal error(s) out
error out

Figure 2.16 Motion Error Handler
Designing VI by connecting all the required functions:
Virtual Instrument (VI) wi ll be designed with the help of LabVIEW software.
The features of the LabVIEW software are already explained in the literature review,
as mentioned earlier it is a graphical programming language. Lab VIEW was opened
on the computer and create a new VI is selected from the file pull down menu.
LabVIEW window looks like the figure 2.1 7. LabVIEW 7.1 Version is used for this
project, so starting the LabVIEW window may looks different in other versions of the
LabVIEW.
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Figure 2.17 Lab VIEW Start Window
The new fi le is created and it is opened with a front panel and Block diagram
window at the same tim e. The new VI in the Lab VIEW has two windows one is
called Front Panel and other is called Block diagram window. Front panel and Block
Diagram windows were shown in the Figure 2. 18.

>

Figure 2.18 Front Panel And Block Diagram
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In the block diagram window VI is designed with the help of predefined
LabVIEW functions as mentioned earlier in the previous section. Right click on the
Block Diagram window has brought functions window from the Lab VIEW directory.
The block diagram window with functions pallet is shown in the Figure 2.19.
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Figure 2.19 Functions Pallet
As shown in the Figure 2. 19 functions pallet contains all the functions of the
Lab VIEW directory. The search option was available on the functions pallet window
in order to find the available functions in the Lab VIEW directory easily. After
find ing the functions, each function was dragged on to the Block diagram window.
Each function was developed for the particular application and each function has
certain input terminals and output tem1inals to generate the results.
The functions Load Target Position, Start Motion, Motion Error Handler, and
Check Move Status are brought on to the Block Diagram window. The input
terminals of the Load target position were Board ID, Axis, and Target position.
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These input terminals were connected to the three separate controls. The
controls placed in the block diagram window also appeared on the front panel and so
the input (target position) is given through the front panel. Axis parameter was set to
one by default and in this project only single axis control is required so it has to be
one. Board ID is given by the MAX software and it will be assigned automatically.
The output terminals of the Load Target position are Board ID, Source Out
and Error Out. The output terminals of the Load Target Position were connected to
the Start Move function Input terminals. The output terminals of the Start Move
function were connected to the input terminals of the of the Read Position function.
Check Move Status function input terminals are connected to the Check Move status
function and finally the output terminals from Check Move Status are connected to
the Stop function. The Stop function output terminals were connected to the Motion
Error function. Motion Error function is used to report any errors to the user if any
error occurs during the move and it will also stops the motor automatically. Read
Position and Check Move Status functions were kept in the While Loop because these
two functions have to work continuously in order update the current position of the
·motor until the motor reaches to the target position. Stop function is kept in the For
Loop because it needs to stop motor after comparing the results from Check Move
Status and Motion Error functions.
After Building the VI, the front panel is opened and the target position is
selected to run the motor. The start button,which is on the top of the Front Panel
window, is clicked to run the motor. The motor was started and it was been running
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until it reaches to the given target position. During the motor move process cw-rent
position of the motor was updated second by second in the front panel.
VI Block Diag ram:

VI block diagram window looks like the Figure 2.20.

Figure 2.20 VI Block Diagram
VI Front Panel window:

In Front Panel the font size can be changed for better appearance.
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Figure 2.21 VI Front Panel
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Publishing VI on the Internet:

The designed VI was published on the Internet with the help of the front panel tools.
In the front panel of the VI, tools button was clicked to open the pull down menu and
the web publishing tools was selected. Pop up window was appeared, which has
options to enter the VI name, Document title, Header and Footer. Remote panel for
Motion Control System is entered in the document title box and input the target
position is entered in the Header box after which you click run. After changing the
entire settings done button was clicked to complete the Publishing process.
After clicking on the done button the pop up window was appeared with the
web address and this web address will be used to access the VI on the remote location
through the internet. The web address was saved in the word document and the ok
button is clicked to close the window. Access will be given to the all the computers
by default for all the designed applications.
For the private applications, enter the IP address of a remote station in server
settings in order to give the access to particular remote station. If the access has to be
granted for multiple computers then IP addresses of all remote stations are needed to
be entered in the server station settings. For this project default settings are left as
they are because the VI has to be controlled from different remote locations and
researcher does not know all the remote computer IP addresses. The window which
shows all the features for Web publishing parameters is shown in the Figure 2.22.
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Figure 2.22 Web Publishing Tool
Accessing the VI on the Remote Station:
In order to access the VI on remote station does not requires installation of
Labview Software. Web address obtained during the Web Publishing process was
used to open the remote panel. Internet Explorer was opened with the saved address.
A message, server can not found and pop up blocker was shown on the top of the
browser. Click install active x control after cl icking right clicking on message.
Internet Explore will automatically finds the plug-in needed to open the VI. Install
the correct plug-in needed based on the operating systems of the remote station.
Browser came up with the front panel of the VI and target position was given
as the input to run the motor. Click the run button, which is on the top of the front
panel. The current position of the motor, will be updated automatically which
indicates that the motor was started running. With the help of web camera the motor
can be viewed from any remote location. In order to watch the motor from remote
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location, VT has to be modified in order to embed the video in the browser. The
designed VI was used for the online engineering students to work on the lab
experiments from their home. Remote panel window on a remote location looks likes
the Figure 2.23.
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CHAPTER III

METHODOLOGY
General Description
To collect the data, remote motion control system was designed in the
Industrial Engineering Department (Lab-202E) at the Morehead State University. To
find the performance variation due to the change of n~twork type, delays in the motor
responses were cal"ulated. With the delay data, analysis was done in order to find the
best performing controlling system with help of the ANOVA tool in the Minitab
software. The data obtained for the remote control system with help of wired and
wireless networks were presented in this chapter.
Calculating the Delay
To calculate the delay, time is recorded for each operation at the remote
location before starting the motor with help ofthe remote panel. On the other hand
time is recorded at the server station each time motor starts running. The same
process is done 20 times at each remote location with help of both networks. The
recorded time frames were·tabulated with respective operations for each location and
for each type of network. In order to calculate the delay time recorded at the server
station is subtracted from the time recorded at the remote station. The timings and the
respective delays are presented in the tables for the further analysis and for the
comparison of variation in the delay.
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Data for the first remote location with help of Wired Network:
The first remote location was Information Department Computers Lab at
Morehead State University. Local Area Network (LAN) is used as the internet
connec_tion. The remote location was 20 metei:s away from the server station. The
motor started 20 times and the time was recorded for each operation at both stations
to calculate the delay. As shown in Table 3.1, the time frames as well as delay times
were noted.
Table 3.1 Wired Network Time Frames

Number of
Operations
1
2
3
4
5
6

7
8
9
10
11
12
13
14
15
16

17
18
19
20

.

Static station
in the work
floor
4:18:34
4:18:55
4:19:13
4:19:30
4:19:46
4:20:14
4:20:27
4:20:45
4:21:09
4:21:29
4:21:45
4:22:05
4:22:19
4:22:32
4:22:46
4:23:03
4:.23:18
4:23:33
4:23:54
4:30:28

Wired Network
Remote Station
with help remote
panel
4:18:34
4:18:54
4:19:11
4:19:30
4:19:46
4:20:13
4:20:26
4:20:44
4:21:08
4:21:28·
4:21:44
4:22:04
4:22:17
4:22:31
4:22:46
4:23:02
4:23:17
4:23:33
4:23:53
4:30:27

Delay in Seconds
0
1
2
0
0
1

1
1
1
1
1
1
2
1
0

1
1
0
1
1
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Graphical representation of the data for first remote location with wired
network:
The graph is clearly showning the delay for 20 motor operations. The

umber of the

motor operations is given on the X-axis and delay is gi ven on the Y-axis. Out of the
20 motor operations four of the times the motor reponded with Osecons delay, 2
times motor responded after 2 seconds delay and 14 times the motor responded with a
one second delay. As shown in Figure 3.1, the graphed diagram denotes the delay in
seconds for a wired network. The Y-axis reveals delay time i11 seconds and the Xaxis reveals the number of operations performed.
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Data for the first remote location with help of Wireless Network:
As mentioned in the previous section, first remote location was Information
Department, Computers Lab at Morehead State University. The remote location was
20 meters distant from the server station. Local Area connection is disabled and a
wireless network nicknamed Unstrung was connected as the Internet connection. The
motor was started 20 times and time is recorded for each operation at both stations to
calculate the delay. As shown in Table 3.2, the time frames as well as delay times
were noted.

Table 3.2 Warless Network Time Frames

Number of
One rations
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Wireless Network
Server Station
Remote station
time frames
time frames
3:06:22
3:06:21
3:06:48
3:06:46
3:07:14
3:07:13
3:07:28
3:07:27
3:07:57
3:07:57
3:08:14
3:08:13
3:08:28
3:08:26
3:08:40
3:08:39
3:08:54
3:08:52
3:09:13
3:09:11
3:09:25
3:09:24
3:09:39
3:09:38
3:09:57
3:09:56
3:10:11
3:10:09
3:10:25
3:10:24
3:10:39
3:10:38
3:10:50
3:10:49
3:11:08
3:11:07
3:11:22
3:11:20
3:11:34
3:11:32

Delay in
seconds
1
2
1
1
0
1
2
1
2
2
1
1
1
2
1
1
1
1
2
2
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Graphical representation of the data for first remote location with Wired
etwork:
Out of 20 motor operations the motor onle responded once with a O second
delay, 7 times the motor responded with a 2 second delay and 12 times the motor
responded with one second delay. As shown in Figure 3.2, the graphed diagram
denotes the delay in seconds for a wireless network. The Y-axis reveals delay time in
seconds and the X-axis reveals the number of operations performed.
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Delay with wired and wireless network for first remote location:
\

To observe the variation in the delay due to the change in the network type
and to analyze the data delay with wired network and delay with wireless network is
brought together. V ari.ition in the delay will be obtained after comparing the data
with the help of the Statistical Process Control tools. As shown in Table 3.3, the
delay is obtained for wired and wireless networks.
Table 3.3 Delay witli Wired and Wireless Networks

Number of
Oneration

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20

Wired Network
Delay in seconds

Wireless Network
Delay in seconds

0
1
2
0
0
1
1
1
1
1
1
1
2
1
0
1
1
0
1
1

1
2
1
1
0
1
2
1
2
2
1
1
1
2
1
1
1
1
2
2
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Graphical representation of the data for first remote location for both networks:

The graph is shows the delay for 20 motor operations. The number of the
motor operation is given on the X-axis and delay is given on the Y-axis. Wired
Network is represented in blue color bars and wireless network is represented red
color bars. From the graph we can clearly observe that delay with the wireless net
work is 2 seconds for 7 motor operations, on the other hand delay with wired network
is 2 second only for two motor operations. So we can clearly say that there is a
variation in the delay due to the change in the type of the network. We can also say
that delay will be less with help of wired network than the wireless network. As
shown in Figure 3 .1 , the graphed diagram denotes the delay in seconds for the wired
and wireless networks. The Y-axis reveals delay time in seconds and the X-axis
reveals the number of operations performed.
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Data for the second remote location with help of Wired Network:
The second remote location was done at the University of Kentucky at
Lexington, Kentucky. Local Area Network (LAN) was connected as the internet
connectim,1. Motor was operated 20 times and time was recorded for each operation
at both stations to calculate .the delay. As shown in Table 3.4, the time frames as well
as delay times were noted.

Table 3.4 Wired Network Time Frames
Wired Network
Number of
oneration

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20

Server Station

Remote station

Delay in seconds

3:06:25
3:06:49
3:07:17
3:07:29
3:07:58
3:08:15
3:08:27
3:08:41
3:08:53
3:09:14
3:09:28
3:09:37
3:09:59
3:10:14
3:10:28
3:10:41
3:10:54
3:11:09
3:11:25
3:11:39

3:06:24
3:06:47
3:07:16
3:07:30
3:07:57
3:08:14
3:08:27
3:08:40
3:08:51
3:09:14
3:09:27
3:09:36
3:09:58
3:10:13
3:10:27
3:10:40
3:10:54
3:11:08
3:11:23
3:11:38

1
2
1
1
1
1
0
1
2
0

1
1
1
1
1
1

0
1
2
1
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Graphical representation of the data for first remote location with Wired
Network:
The graph shows the delay for 20 motor operations. The number of the motor
operation is given on the X-axis and delay is given on the Y-axis. Out of20 motor
operations two times the motor reponded with a Osecond delay, 3 times the motor
responded after a 2 second delay and 15 times the motor responded with a one second
delay. As shown in Figure 3.4, the graphed diagram denotes the delay in seconds for
a wired network. The Y-axis reveals delay time in seconds and the X-axis reveals the
nwnber of operations performed.
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Data for the second remote location with help of Wireless Network:

The second remote location was University of Kentucky at Lexington,
Kentucky. Local Area Network (LAN) was disabled and wireless network is
connected. The remote station is located around 60 miles away from the server
station:. The motor was started 20 times .and tiine is recorded for each operation at
both stations to calculate the delay. As shown in Table 3.5, the time frames as well as
delay times were noted.
Table 3.5 Wireless Network Time Frames
Wireless Network
Number of
Oneration

J
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20

Server Station

Remote station

Delay in seconds

3:41:38
3:41:55
3:42:14
3:42:32
3:42:48
3:43:02
3:43:17
3:43:34
3:43:49
3:44:08
3:44:20
3:44:38
3:44:53
3:45:09
3:45:22
3:45:38
3:46:02
3:46:19
3:46:35
3:46:49

3:41:40
3:41:56
3:42:15
3:42:34
3:42:50
3:43:03
3:43:18
3:43:36
3:43:51
3:44:09
3:44:21
3:44:39
3:44:5'4
3:45:11
3:45:24
3:45:39
3:46:04
3:46:21
3:46:36
3:46:50

2
1
1
2
2
1
1
1
2

1
1
1
1
2
2
1
2
2
1
1
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Graphical representation of the data for first remote location with Wired
Network:

The graph clearly shows the delay for 20 motor operations. The number of
the motor operation is given on the X-axis and delay is given on the Y-axis. Out of
20 motor operations, the motor bad no O second delay times, it had 8 2 second delays,
and 12 times the motor responded with a one second delay. As shown in Figure 3.5,
the graphed diagram denotes the delay in seconds for a wireless network. The Y-axis
reveals delay time in seconds and the X-ax is reveals the nwuber of operations
performed.
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Delay with wired and wireless network for second remote location:

To observe the variation in the delay due to the change in the network type
and to analyze the data delay with wired network and delay with wireless network is
brought together. Variations in the delay were obtained after comparing the data with
the help of the Statistical Process Control tools. As shown in Table 3.6, the delay
times were obtained for the wired and wireless network.
Table 3.6 Delay for Wired and Wireless Network
Number of
Ooerations
1
2
3
4
5

Wired Network
Delav in Seconds

Wireless Network
Delay in Seconds

1
2
1
1
1

2

6

1

1

7
8
9

0
1
2

1
1
2

10

0

1

11
12
13
14

1
1
1
1

1
1
1
2

15

1

2

16

1

1

17

0

2

18

1

2

19

2

1

20

1

1

1
1
2
2

-
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Graphical representation of the data for first remote location for both networks:

The graph clearly shows the delay for 20 motor operations. The number of
the motor operation is given on the X-axis and delay is given on the Y-axis. The
wired network is represented in blue color bars and wireless network is represented in
red color bars. From the graph we can clearly observe that delay with the wireless net
work is 2 seconds for 8 motor operations, on the other hand delay with wired network
is 2 seconds only for three motor operations. So we can clearly say that there is a
variation in the delay due to the change in the type of the network. We can also say
that dealy is less with the help of a wired network rather than the wireless network.
As shown in Figure 3.6, the graphed diagram denotes the delay in seconds for a
wireless and wired networks. The Y-axis reveals delay time in seconds and the Xaxis reveals the number of operations perfo1med.
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CHAPTERIV
FINDINGS AND RESULTS
Gen~ral description

· This chapter analyzes the data obtained in the methodology chapter. The type
of the network used is taken as the fixed factor to compare the performance. The best
network for a remote motion control system will be found after analyzing the delay
data with help of ANOVA statistics in the Minitab software. The ANOVA analysis is
used in thesis because it is one of the better methods in comparing variation.
ANOVA Analysis with help of Minitab

ANOVA analysis was used to compare the performance variation of the
motion control system due to the change in the network type used. One-way
ANOVA Cun-stocked) is used and type of the network is taken as the fixed factor. The
output from the analysis of variance study was arranged as the table. The table
consists of the sources of variation, their degrees of freedom, the total sum of squares,
and the mean squares. The analysis of variance table also includes the F-statistics and
p-values.
F-statistics and p-values are used to determine whether the factors are
significantly related. to the motor delay response or not. The P-value is used to find
the factor selected is significant or not. If the factor is significant then there is
significant variation in the performance of the system due to the type of network
used. On the other hand the mean value gives the average delay for the each network.
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The network which has the lowest average delay is selected as the best network. As
shown in the below table all the data was entered in the Minitab with the appropriate
labels on the top of the column. The type of the network is considered-as the factor
so the variables are open-ended on a single factor. One-way ANOVA analysis is
selected as the better option because it is suitable for single factor analysis. As shown
in Table 4.1, the delay times were obtained for wired and wireless networks from two
remote stations noted.

Table 4.1 Wired Network Time Frames
Number
of
Operation
s
1
2
3
4
5
6
7
8
9
10

11
12
13
14
15
16
17
18
19
20

Wired network
from station
one (Delay In
Seconds)
0
1
2
0
0
1
1
1
1
1
1
1
2
1
0
1
1
0
1
I

Wireless
network from
station one
(Delay In
Seconds)
1
2
1
I
0
I
2
I
2
2
1
1
1
2
1
1
1
1
2
2

Wired
network from
station two
(Delay In
Seconds)
1
2
1
1
1
1
0
1
2
0
1
1
1
1
1
1
0
1
2
1

Wireless
network from
station two
(Delay In
Seconds)
2
1
1
2
2
1
1
1
2
I
1
1
1
2
2
1
2
2
1
1
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ANOVA analysis results:
As shown in Table 4.2, the results were obtained with the help of ANOVA tool in the
Minitab software.

Table 4.2 ANOVA Analysis Results
One-way ANOVA: Wired nefyl/ork, Wireless network, wired network, Wireless
netwprk
p
Source DF
ss
MS
F
Factor
3
3.938 1. 313 4.24 0.008
Error
76 23.550 0.310
Total
79 27.487
s = 0.5567
R-Sq = 14.32%
R-Sq(adj) = 10.94%

Level
StDev
Wired network from remote station one
0.5871

Mean

N

20

0.8500

Wireless network from remote station one 20
0.5712

1.3000

Wired network from remote station two
0.5620

20

1. 0000

Wireless network from remote station two 20
0.5026

1.4000

Individual 95% Cis For Mean Based on
Pooled StDev
Level
Wired network from remote
station one
(-------*--------)
Wireless network from remote
station one
(-------*--------)
Wired network from remote
station two
(-------*--------)
Wireless network from remote
station two
(--------*-------)

+---------+---------+---------+----- --0.60

0.90

1.20

1.50
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The table obtained from the One-way ANOVA analysis is given above. The
table has source, DF (Degrees of Freedom), SS (Sum of Squares), MS (Mean
Squares), F-statistics and p-value. To find the factor is significant or not, P value is
compared with an alpha value of0.05. If the p-value is lower than 0.05, then the
factor is significant. From the data obtained from the ANOVAs analysis P value is
0.008 and it is less than the alpha value (0.05). So the factor, which is type of
network used for the remote motion control system is considerably significant. On
the other hand the mean value for the wired network from remote location was one
less than the all other mean values and the lowest average delay for the motor
response is 0.85 seconds. The highest average mean value is 1.4 which was obtained
while using the wireless network from second remote location.
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CHAPTERV
CONCLUSIONS, RECOMMENDATIONS ANDIMPLICATIONS
Conclusions
After looking at the analyses, the researcher can clearly say that delay also
varies according to the type of network used to access the Internet for a Remote
Control System. In this project, the motor is operated through the internet with help of
LabVIEW program from two remote locations. One remote location is located around
20 meters from the server station and other remote location is located around 60 miles
from the server station. The comparison of the data for wired network from two
remote locations shows that there is no considerable delay variation due to the change
in the remote location even though both the stations are located 60 miles away from
each other.
Based on the ANOVA analysis Null hypothesis was rejected so it is proved
that the performance of the LabVIEW remote control system varies due to the change
in the type of network used. In the Review of literature wired network was
recommended for the superior performance after considering all the advantages and
disadvantages of the both networks: On the other hand, results from the experimental
data analysis also shows that the average delay of the control system was
considerably less with the wired network when comparing with the average delay of
the control system with wireless network. So the wired network was selected as the
best network for the designed LabVIEW remote control system.

53

Recommendations and Implications
For this research, the 802.1 lg wireless network protocol was used. Currently,
the IEEE team is working on the new wireless protocol to improve the wireless
network speed and security, which is called as 802.1 ln. The performance of the
wireless network may vary with the help of newly introducing protocol 802.1 ln.
Consequently, future research will have to be done with the assistance of the wireless
network, which is designed by using 802.11 n protocol in order to find the variation in
the performance of the remote control system. End users, educators and researchers
must remember that the performance of the remote control system also depends on
the distance between the remote station and server station.
Lastly, the designed LabVIEW remote control system was used to provide
more hands-on experience through the Internet for robotic laboratories at Morehead
State University. The LabVIEW remote control system was also used to enhance
online education programs in order to provide a better learning experience for the
distance learners regarding advanced manufacturing technologies.
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Appendices
Appendix A: Future of Wireless Technology
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Appendix C: Block Diagram for Universal Motion Controller
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Appendix D: Embedding Video in the Remote Panel (VI code)
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Source: Yuqiu, Y. (2009). Embedding Video in the Remote Panel (VI code).

